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acrylic acid salt) using an aluminum compound reactive with said water-absorptive resin (e.g. aluminum hydroxide gel formed by reaction between an 
aluminum salt and aluminate) and a crosslinking agent having two or more functional groups reactive with said resin (e.g. ethylene glycol diglycidyl 
ether). 
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Japanese Unexamined Patent Publication 
No. 56707/1989 [Tokukaisho 64-56707) 

A. Relevance of the Above-identified Document 

The following is an English translation of 
non-English language information that may be relevant to 
the issue of patentability of the claims of the present 
application. 

B. Translation of the Document 

See also the attached English Abstract. 

1. TITLE OF THE INVENTION 

METHOD FOR PRODUCING WATER ABSORBENT 

RESIN 

2. CLAIMS 
[CLAIM 1] 

A method for producing water absorbent resin, 
comprising a step of processing powdery water absorbent 
resin including a carboxyl group or a carboxylate group, 
said step being performed by using an aluminum 
compound capable of reacting with the water absorbent 
resin and a cross-linking agent including two or more 
functional groups capable of reacting with the water 
absorbent resin, in a presence of polyvalent alcohol and 
water. 
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[CLAIM 2] 

The method as set forth in claim 1, wherein the 
water absorbent resin is polyacrylic acid water absorbent 
resin. 

[CLAIM 3] 

The method as set forth in claim 2, wherein the 
polyacrylic acid water absorbent resin is a polymer 
including, in a main chain, a monomer unit of acrylic acid 
or acrylic acid alkaline metal salt. 

[CLAIM 4] 

The method as set forth in claim 1, wherein the 
aluminum compound is aluminum hydroxide. 

[CLAIM 5] 

The method as set forth in claim 4, wherein the 
aluminum hydroxide is aluminum hydroxide gel obtained 
by reacting aluminum salt with aluminate or reacting 
aluminum salt with alkaline metal hydroxide. 

[CLAIM 6] 

The method as set forth in claim 1, wherein the 
cross-linking agent is an epoxy compound. 



3. DETAILED DESCRIPTION OF THE INVENTION 
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[INDUSTRIAL APPLICABILITY] 

The present invention relates to a method for 
producing water absorbent resin. Particularly, the present 
invention relates to a method for producing water 
absorbent resin, which method is capable of efficiently 
producing water absorbent resin which is splendid in 
water absorption characteristics and gel strength. 
[PRIOR ARTS AND PROBLEMS TO BE SOLVED] 

Recently, in the fields of sanitary goods, medicines, 
cosmetics, agriculture, foods, civil engineering and 
construction, utensils, and the like, water absorbent resin 
capable of absorbing a large amount of water is used for a 
water absorbing agent and a water retaining agent. 
Examples of such water absorbent resin include 
cross-linked polyethylene oxide, cross-linked polyvinyl 
alcohol, cross-linked polyacrylic acid and its salt, 
cellulose-acrylic acid graft copolymer and its salt, 
hydrolyzed starch-acrylonitrile graft copolymer, and the 
like. Further, in order to increase gel strength and water 
retaining capacity after the water absorbent resin absorbs 
water, there is an attempt in which acrylic acid or acrylic 
acid alkaline metal salt is copolymerized with a 
cross-linking monomer capable of copolymerizing with the 
monomer, thereby producing water absorbent resin having 
large gel strength. However, a reactivity ratio of each of 
acrylic, acid monomers to the cross-linking monomer 
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varies depending on pH and the like of a reaction system, 
there is difficulty in copolymerizing both monomers. 
Further, in order to obtain water absorbent resin having 
even composition and cross-linking density or to reduce 
residual monomer density, it is necessary to exactly 
adjust temperature, pH and the like of the reaction system, 
with a result that it is difficult to enhance productivity. 
Further, in a case of drying and pulverizing thus obtained 
hydrous gel so as to produce powdery water absorbent 
resin, the hydrous gel is splendid in hydrophilicity and 
water retaining capacity and is cross-linked, with a result 
that it is difficult to desorb water. Therefore, a large 
amount of heat is necessary in drying, which is 
uneconomic. Further, according to the foregoing method, 
gel strength of the water absorbent resin is determined by 
degree of cross-linking of the cross-linking monomer. 
Therefore, in a case where resin having low gel strength is 
obtained, it is difficult to enhance the gel strength and the 
water retaining capacity of the water absorbent resin. 

Further, the acid water absorbent resin has such a 
problem that: although the acid water absorbent resin is 
used in a powdery form so that absorbing speed is 
increased, aggregation of powder ( a fish eye") occurs in 
absorbing water and an area contacting with water is 
reduced, with a result that it is impossible to exert water 
absorbent ability proper to the water absorbent resin. 
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In order to solve the problem, there is a method in 
which: powdery polyacrylic acid water absorbent resin is 
dispersed in a mixture solution of water and a hydrophilic 
organic solution such as methanol and is cross-linked by 
using a cross-linking agent such as ethyleneglycol 
diglicidylether (see Tokukaisho 57-44627). Further, in 
order to solve the problem, there is water absorbent resin 
obtained by cross-linking powdery water absorbent resin 
including a carboxyl group by using a cross-linking agent 
such as a polyvalent glycidylether compound (see 
Tokukaisho 59-189103). 

However, according to the above method, a large 
amount of an organic solvent such as methanol is used 
and accordingly it is necessary to remove a large amount 
of the solvent after cross-linking, which is uneconomic. 
Further, because the organic solvent is used, it is difficult 
to perform industrially safe production and cost is 
increased. 

Further, according to the above water absorbent 
resin, because a little amount of a cross-linking agent is 
directly added to powdery water absorbent resin and the 
like, it is difficult to distribute the cross-linking agent 
evenly on a whole surface of the powdery water absorbent 
resin. As a result, some portions are cross-linked too 
much and some portions are cross-linked too little, and 
"fish eye" is likely to occur in absorbing water and 
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accordingly sufficient water absorption characteristics are 
not realized. 

Further, in order to enhance water absorbent ability 
and to reduce variation per day or a change in water 
absorption characteristics and the like caused by repeated 
use, there is a method in which hydrous water absorbent 
resin having a carboxyl group is cross-linked by using 
polyglycidylether compound (see Tokukaisho 62-50305). 

However, with the above method, it is necessary to 
adjust water content of the water absorbent resin so that 
the water content is within a predetermined range and it 
is industrially difficult to cause a predetermined amount 
of water to be evenly included in the water absorbent 
resin. Further, because the water absorbent resin includes 
water, aggregation of the water absorbent resin is likely to 
occur when cross-linking is performed. As a result, it is 
impossible to perform even cross-linking and it is difficult 
to efficiently obtain the water absorbent resin. Further, in 
order to adjust the water content so that the water 
content is within a predetermined range, it is necessary 
not only to adopt reversed-phase suspension 
polymerization using an organic solvent but also to 
remove the used organic solvent, which is uneconomic. 
[OBJECT OF THE INVENTION] 

The present invention was made in view of the 
foregoing problems, and its object is to provide a method 
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for producing water absorbent resin, which method allows 
powdery water absorbent resin to be evenly cross-linked 
and to be free from aggregation in the cross-linking 
without using an organic solvent such as lower alcohol, 
and which method allows for efficient and low-cost 
production of water absorbent resin which is splendid in 
water absorption characteristics (e.g. absorption speed 
and absorption amount), gel strength after absorbing 
water, water retaining ability, and the like, and which is 
free from "fish eye" while used, by processing water 
absorbent resin having insufficient water absorption 
characteristics and the like. 
[MEANS TO SOLVE THE PROBLEMS] 

In order to solve the problems, a method according 
to the present invention for producing water absorbent 
resin includes a step of . processing powdery water 
absorbent resin including a carboxyl group and a 
carboxylate group, said step being performed by using an 
aluminum compound capable of reacting with the water 
absorbent resin and a cross-linking agent including two or 
more functional groups capable of reacting with the water 
absorbent resin, in a presence of polyvalent alcohol and 
water. After the above processing, remaining water is 
removed by means such as heating and the water 
absorbent resin is preferably used in a powdery form. 
The following details the present invention. 



'r.' 
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The water absorbent resin used in the present 
invention should be a polymer including a carboxyl group 
and/ or a carboxylate group, such as a hydrolyzed 
starch-acrylonitrile graft polymer, a partially neutralized 
starch-acrylic acid graft polymer, a saponified vinyl 
acetate-acrylic acid ester copolymer, carboxyl 
methylcellulose, isobutylene-maleic anhydride copolymer, 
partially neutralized polyacrylic acid, and cross-linked 
polymers thereof. Among the water absorbent resins, 
polyacrylic acid water absorbent resin constituted of a 
polymer or copolymer having a monomer unit of acrylic 
acid or acrylic acid salt in a main chain is particularly 
preferable. 

Examples of the polyacrylic acid polymer constituted 
of a polymer or copolymer having a monomer unit of 
acrylic acid or acrylic acid salt in a main chain include 
polyacrylic acid, polyacrylic acid salt, an acrylic 
acid-acrylic acid salt copolymer, and the like. Examples of 
salt of the acrylic acid salt and the polyacrylic acid salt 
include alkaline metal salt such as sodium salt, 
potassium salt, and lithium salt, and organic base salt 
such as ammonium salt, triethylamine salt, and pyridine 
salt. 

In order to reform such characteristics as 
hydrophilicity, these polymers may be copolymerized with 
acrylamide, N-vinyl pyrrolidone, 2-hydroxyethyl 
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methacrylate and the like according to necessity. Further, 
it is preferable that the polymers are cross-linked. In 
producing the cross-linked polymers, known cross-linking 
means is applicable. Examples of the production of the 
cross-linked polymers include: self-cross-linking by 
heating a self-cross-linking polymer that is copolymerized 
with a cross-linking monomer such as N-methylol 
acrylamide; usage of a medium having an oxidative 
character such as potassium persulfate; and adding, in 
polymerization, a cross-linking agent having two or more 
polymerizable unsaturated bonds such as N. N'-methylene 
bisacrylamide and ethylene glycol diacrylate. 

The polymers are produced by adding, according to 
necessity, other copolymerized monomer and the 
cross-linking agent to a solution of normal acrylic acid 
and /or acrylic acid salt and then polymerizing the 
solution. After polymerization, the solution is dried and 
becomes block-shaped. The block-shaped polymer is 
pulverized by a pulverizer so as to have a suitable particle 
size. The particle size ranges preferably from 5 to 400 
mesh, and more preferably from 10 to 200 mesh on the 
basis of a Tyler standard sieve. Note that when emulsion 
polymerization or suspension polymerization is carried out, 
a small-ball-shaped polymer is obtained, which may be 
further pulverized. 

Examples of polyvalent alcohol used in the present 
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invention include diol such as ethylene glycol, 
1.2-propanediol, 1 .3-propanediol, butanediol (e.g. 

1.2- butanediol, 1 .3-btanediol, 1 .4-butanediol, and 

2.3- butanediol), pentanediol, (e.g. 1 .5-pentanediol, 
1.3-pentanediol, .and 2.3-pentanediol), hexanediol (e.g. 
1.6-hexanediol and 2.5-hexanediol), 
2-methyl-2.4-pentanediol, and 2-methyl-2.3-butanediol; 
triol such as glycerin, trimethylolpropane, hexanetriol (e.g. 
1.2.6-hexanetriol and 1 .3.5-hexanetriol), and 
triethanolamine; tetraol such as pentaerythritol and 
diglycerin; pentaol such as glucose and furanose; hexaol 
such as sorbitol and mannitol; octaol such as sucrose; a 
compound obtained by adding lower alkyleneoxide additive 
to the above compound; and a copolymer of lower 
alkyleneoxide. Two or more kinds of these polyvalent 
alcohols may be mixed. 

An example of the lower alkyleneoxide is 
alkyleneoxide containing 2 to 4 carbon atoms, such as 
ethylene oxide (referred to as EO hereinafter), propylene 
oxide (referred to as PO hereinafter), and butylene oxide. 
Examples of the polyvalent alcohols to which the lower 
alkyleneoxide is added include diethyleneglycol, 
triethyleneglycol, polyethyleneglycol (whose average 
molecular weight (referred to as MW hereinafter): 200, 300, 
400, 600, 1000, 2000, 6000, and the like), dipropylene 
glycol, tripropylene glycol, polypropylene glycol (MW: 200, 
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400, 1000, 2000, 4000, and the like), glycerin-EO additive 
(MW: 400, 600, 1000, 3000, 4000, and the like), 
glycerin-PO additive (MW: 400, 600, 1000, 3000, 4000, 
and the like), glycerin-EO(50) / PO(50) random additive 
(MW: 2600 and the like), glycerin-PO(80)-EO(20) block 
additive (MW: 3000 and the like), trimethylolpropane-EO 
additive, trimethylolpropane-PO additive, 

pentaerythritol-EO additive, pentaerythritol-PO additive, 
and sorbitol-EO additive. Examples of the copolymer of 
lower alkyleneoxide include a random copolymer and a 
block copolymer such as polypropyleneglycol-EO additive 
(MW: 2400, 3100, 4000, and the like). 

Note that: in the compound, glycerin-EO(SO) / PO(50) 
random additive is a compound obtained by reacting a 
mixture of EO 50 wt% and PO 50 wt% (each wt% is all 
alkyleneoxide standard) with glycerin and randomly 
adding the reacted mixture to the glycerin. 
Glycerin-PO(80)-EO(20) block additive is a compound 
obtained by adding, to glycerin, PO 80 wt% and then EO 
20 wt% (each wt% is all alkyleneoxide standard). 

Preferable examples of the polyvalent alcohol include 
etyleneglycol, propanediol, butanediol, pentandiol, 
hexanediol, 2-methyl-2.4-pentandiol, hexanetriol, glycerin, 
pentaerythritol, sorbitol, polyethyleneglycol, 

polypropyleneglycol, glycerin- EO additive, glycerin-PO 
additive, pentaerythritol-EO additive, pentaerythritol-PO 
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additive, and sorbitol-EO additive. Further preferable 
examples of the polyvalent alcohol include etyleneglycol, 
propanediol, butanediol, pentandiol, hexanediol, 
2-metyl-2.4-pentanediol, hexanetriol, and 

poly e thy lenegly col. 

An amount of the polyvalent alcohol to be added to 
the water absorbent resin ranges from 0.01 to 50 wt%, 
preferably 0.1 to 20 wt%, and further preferably 1 to 10 
wt%. When the amount is less than 0.01 wt%, the addition 
has no effect. When the amount is more than 50 wt%, the 
addition results in decrease in a water absorption ability 
or in decrease in fluidity of powder, which is not 
preferable. 

Note that the water absorbent resin obtained by 
using the polyvalent alcohol without any addition of the 
lower alkyleneoxide has splendid fluidity of powdery water 
absorbent resin before absorbing water. 

Further, water used together with the polyvalent 
alcohol is not particularly limited. Examples of the water 
include ion-exchange water, distilled water, and tap water. 
An amount of the water to be used should be one 
sufficient to dissolve or disperse aluminum compound. 
Normally, the amount ranges from 1 to 10 times, 
preferably from 1 to 8 times, further preferably from 2 to 
6 times as large as the aluminum compound (weight). 

Further, the aluminum compound should be an 
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aluminum compound capable of reacting with a carboxyl 
group or a carboxylate group of the water absorbent resin. 
The aluminum compound serves as a cross-linking agent 
on a surface of the water absorbent resin. Examples of the 
aluminum compound include aluminum salt such as 
aluminum chloride, aluminum nitrate, aluminum sulfate, 
aluminum phosphate, and aluminum acetate; aluminum 
hydroxide; aluminum alkoxide such as aluminum 
isopropoxide, aluminum ethoxide, and 

aluminum-tributoxide. Two or more kinds of the 
aluminum compound may be mixed. When the aluminum 
compound is used for cross-linking reaction in a form of 
aluminum hydroxide sol, particularly in a form of 
aluminum hydroxide gel right after precipitation, it is 
possible to obtain high reactivity and to enhance gel 
strength without widely damaging absorbency. Further, 
unnecessary residue does not occur. The form of sol or gel 
is preferably obtained through reaction between aluminum 
salt and aluminate or between aluminum salt and alkaline 
metal hydroxide. 

An amount of the aluminum compound used with 
respect to the water absorbent resin ranges from 0.1 to 40 
wt%, preferably from 0.2 to 20 wt%, and further preferably 
from 0.25 to 10 wt%. When the amount of the aluminum 
compound is less than 0.1 wt%, cross-linking is 
insufficient and accordingly it is impossible to prevent 
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"fish eye* and the like. Further, when the amount of the 
aluminum compound is more than 40 wt%, cross-linking 
on a surface of the water absorbent resin becomes 
excessive, so that absorption amount drops. 

Further, the cross-linking agent having two or more 
functional groups capable of reacting with the water 
absorbent resin should be one capable of reacting with a 
carboxyl group and/ or carboxylate group of the water 
absorbent resin. Examples of the cross-linking agent 
include an aldehyde compound such as glutaraldehyde 
and glyoxal; an isocyanate compound such as 
2.4-tolynene diisocyanate and methylenedisocyanate; a 
haloepoxy compound such as epichlorohydrin and 
epibromohydrin, an epoxy compound such as etyleneglycol 
diglycidylether, diethyleneglycol diglycidylether, 

polyethyleneglycol diglycidylether, propyleneglycol 

diglycidylether, dipropyleneglycol diglycidylether, 

polypropyleneglycol diglycidylether, glycerin 

. diglycidylether, polyglycerin polyglycidylether, and 
pentaerythritol polyglycidylether. Among the cross-linking 
agents, the epoxy compound is preferable in terms of 
reactivity and the like. 

A suitable amount of the cross-linking agent is used 
according to a requested water absorbent characteristics, 
gel strength and the like. The amount of the cross-linking 
agent with respect to 100 wt% of the water absorbent 
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resin ranges from 0.01 to 10 wt%, preferably from 0.05 to 
5 wt%. When the amount of the cross-linking agent is less 
than 0.01 wt%, there is no significant effect of 
cross-linking and besides the powdery water absorbent 
resin aggregates and becomes a block in cross-linking, so 
that it is difficult to cross-link evenly. Further, when the 
amount of the cross-linking agent is more than 10 wt%, 
cross-linking density increases and accordingly water 
absorbency drops. 

A method according to the present invention for 
producing water absorbent resin includes a step of 
processing powdery water absorbent resin including a 
carboxyl group and a carboxylate group, the step being 
performed by using an aluminum compound capable of 
reacting with the water absorbent resin and a 
cross-linking agent including two or more functional 
groups capable of reacting with the water absorbent resin, 
in a presence of polyvalent alcohol and water. To be 
specific, for example, the step is performed by mixing the 
powdery water absorbent resin with the aluminum 
compound and the cross-linking agent in the presence of 
polyvalent alcohol and water and drying the mixed 
powdery water absorbent resin. For example, the resin is 
added to a mixer, a solution in which desired amounts of 
the polyvalent alcohol, the aluminum compound and the 
cross-linking agent have been dissolved or dispersed in 
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water is added or sprayed to the mixer while stirring the 
resin, and the resin is fully mixed and then dried by a 
dryer, thereby obtaining the water absorbent resin. 
Further, the method may be arranged so that: water 
solutions or dispersion liquids of the polyvalent alcohol, 
the aluminum compound, and the cross-linking agent, 
respectively, are produced and the solutions or dispersion 
liquids are added to the resin at the same time or in a 
suitable order. 

The mixing means is not particularly limited. The 
mixing means may be a conventional mixer such as a 
nauta mixer, a ribbon blender, a conical blender, a 
Henschel mixer, and a mortar. 

After the process is carried out, remaining water is 
removed by means such as a heat dryer. However, 
polyvalent alcohol being a high boiling component remains 
in the water absorbent resin. 

In the process, cross-linking reaction temperature of 
the aluminum compound is not particularly limited. The 
temperature ranges normally from room temperature to 
100°C, preferably from room temperature to 60°C. 
Reaction time ranges from 1 to 120 minutes, preferably 
from 2 to 30 minutes. Further, cross-linking of the water 
absorbent resin by the cross-linking agent can be carried 
out at suitable temperature according to the kind of the 
cross-linking agent, a desired water absorbent 
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characteristic, gel strength and the like. In a case of an 
aldehyde compound, the temperature ranges normally 
from 50 to 250°C, preferably from 70 to 200°C. In a case 
of an isocyanate compound, the temperature ranges from 
0 to 200°C, preferably from room temperature to 150°C. In 
a case of a haloepoxy compound, the temperature ranges 
from 30 to 200°C, preferably from 50 to 150°C. In a case 
of an epoxy compound, the temperature ranges from 50 to 
250°C, preferably from 70 to 200°C. 

Further, drying is carried out by using a 
conventional dryer such as a drying oven and a reduced 
pressure dryer, at room temperature to 150°C, preferably 
at 70 to 120°C. Note that the drying step and the 
cross-linking step may be carried out simultaneously at a 
temperature suitable for the cross-linking reaction. 
Further, calcium chloride, zinc nitrate and the like may be 
added so that fluidity, a cross-linking characteristic and 
the like in mixing are improved. 

When the process is performed by using the 
aluminum compound in the presence of the polyvalent 
alcohol and water without using the cross-linking agent, 
water absorbent resin which is splendid in water 
absorbent characteristics such as absorbing speed and 
absorbing amount can be obtained. However, the obtained 
water absorbent resin does not have sufficient gel strength 
and water retaining capacity after absorbing water. 
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Further, when cross-linking is performed by using the 
cross-linking agent in the absence of the polyvalent 
alcohol and the aluminum compound, the powdery water 
absorbent resin aggregates and becomes a block in 
cross-linking, so that it is difficult to perform even 
cross-linking. On the other hand, when the water 
absorbent resin is processed by using the aluminum 
compound and the cross-linking agent in the presence of 
the polyvalent alcohol and water, the powdery water 
absorbent resin does not aggregate and become a block in 
cross-linking, and it is possible to perform even 
cross-linking. As a result, it is possible to produce the 
water absorbent resin which is splendid not only in 
absorbent characteristics such as absorbent speed and 
absorption amount and in fluidity before absorbing water, 
but also in gel strength and in water retaining capacity. 
Further, it is possible to introduce a cross-linking 
structure afterward to the water absorbent resin through 
the process without introducing the cross-linking 
structure beforehand. Therefore, even though the water 
absorbent resin does not have sufficient gel strength and 
the like, with the process, it is possible to produce the 
water absorbent resin which is splendid in the 
characteristics, particularly in gel strength and water 
retaining capacity. 

Note that preferred embodiments of a method for 
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producing a process liquid used in the present invention 
are as follows. 

(A) A case where aluminum chloride and alkaline metal 
salt aluminate such as sodium aluminate are used as the 
aluminum compound 

(1) A predetermined amount of aluminum chloride 
hexahydrate is added to and dissolved in water while 
stirring the water. 

(2) Next, a predetermined amount of sodium aluminate is 
gradually added to the water while stirring the water. 

(3) The water immediately becomes clouded and aluminum 
hydroxide is produced. The water temporarily highly 
increases its viscosity and loses fluidity. However, by 
continuously stirring the water, the water has fluidity 
again and becomes a viscous liquid. Normally, it is 
preferable to stir the water for not less than 20 minutes. 

(4) Predetermined amounts of the polyvalent alcohol and 
the cross-linking agent are added to thus obtained liquid 
and the liquid is stirred so as to be even, thereby 
producing a process liquid. Note that the polyvalent 
alcohol and the cross-linking agent may be added to water 
beforehand. 

(B) A case where aluminum chloride and alkaline metal 
hydroxide such as sodium hydroxide are used for the 
aluminum compound 

(i) A predetermined amount of sodium hydroxide is 
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dissolved in water. 

(2) Next, a predetermined amount of aluminum chloride 
hexahydrate is gradually added to the water while stirring 
the water. 

(3) The same processes as (3) and (4) of the above (A) are 
carried out hereinafter. 

With respect to 100 wt% of thus obtained process 
liquid, the powdery water absorbent resin is used in a 
range of 100 to 750 wt%, preferably in a range of 150 to 
500 wt%. Further, when the process liquid is left at rest, 
aluminum hydroxide is precipitated and isolated. 
Therefore, it is preferable to use the process liquid after it 
is stirred and dispersed. 

The water absorbent resin obtained in the method 
according to the present invention is used in a powdery 
form. The particle size of the water absorbent resin ranges 
form approximately 50 to 500 mesh, preferably from 10 to 
200 mesh on the basis of a Tyler standard sieve. Further, 
in the water absorbent resin, a fluidity adjunct such as 
fine particle silica and talcum powder, an extender, an 
oxidation inhibitor, a fungicide, a bactericide, a perfumery, 
a colorant, a deodorant and the like may be included 
according to necessity. 
[EFFECTS OF THE INVENTION] 

As described above, with the method according to the 
present invention for producing the water absorbent resin, 
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the powdery water absorbent resin including a carboxyl 
group and/or carboxylate group is processed in the 
absence of the polyvalent alcohol and water, so that the 
powdery water absorbent resin does not aggregate and 
become a block in the process and it is possible to 
perform even cross-linking. As a result, it is possible to 
produce the water absorbent resin having an excellent 
absorption ability. To be specific, the water absorbent 
resin obtained in the method according to the present 
invention has a high absorption amount and high 
absorbent speed with respect to not only water but also a 
solution including salt (liquid excreted from a human body, 
such as urine or blood) and is capable of speedily 
absorbing urine, blood, and the like. Further, because the 
water absorbent resin has remarkably high gel strength 
after absorption, the water absorbent resin is capable of 
maintaining water while the water absorbent resin keeps a 
stabilized form and is splendid in water retaining capacity. 
Further, because the "fish eye" does not occur in the 
water absorbent resin in absorption, it is possible to 
remarkably increase absorbent speed. Further, even 
though the water absorbent resin does not have sufficient 
characteristics such as gel strength, with the process, it is 
possible to remarkably enhance the gel strength. 

Further, with the method according to the present 
invention for producing the water absorbent resin, it is 
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possible to produce the water absorbent resin having 
excellent absorption ability and the like effectively and in 
low cost. Namely, with the method according to the 
present invention, an organic solvent such as alcohol is 
not plentifully used in the cross-linking step and 
accordingly it is unnecessary to retrieve the solvent. 
Further, by cross-linking using the aluminum compound 
and the cross-linking agent in the presence of the 
polyvalent alcohol and water, it is possible to enhance gel 
strength and the like of the water absorbent resin having 
insufficient abilities. Therefore, in producing a polymer 
constituting the water absorbent resin, it is possible not 
only to adopt a method which allows for higher 
productivity but also to perform even cross-linking 
without making a block in cross-linking, which results in 
reduction of cost. As a result, it is possible to produce the 
water absorbent resin safely and industrially only with a 
simple operation. 

Because the water absorbent resin obtained in the 
method according to the present invention has the 
foregoing advantages, the water absorbent resin is 
applicable to various purposes. Further, the water 
absorbent resin has high absorption amount and high 
absorption speed and is splendid in water retaining 
capacity and gel strength after absorption. Therefore, the 
water absorbent resin is applicable to sanitary articles 
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such as sanitary napkins and paper towels, medical 
product materials such as water retaining materials for 
poultices, agricultural materials such as germination 
assistant agents and water retaining materials for soil, 
architectural materials such as anti-condensation for 
interior materials, cosmetic materials such as water 
retaining materials for cosmetics and perfumes. 
[EXAMPLES] 

The following explains examples and comparative 
examples of the present invention. However, the present 
invention is not limited to these examples. In the 
examples, % means wt% unless it is clearly expressed 
that % means other thing. 

Further, performance test of the water absorbent 
resin was performed with the following methods. 

a) Measurement of absorption amount 

A sample (Xg) was placed in a pleated commercial 
coffee filter and soaked in 0.9% saline solution for a 
predetermined time and then weight (Yg) of the sample, 
which includes weight of the coffee filter, was measured. 
On the other hand, weight of a coffee filter having 
absorbed water had been measured beforehand. 
Absorption amount (times) was obtained from the equation 
indicated below. 

absorption amount (times) =(Y-Z)/X 

b) Measurement of gel strength 
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97. 5g of 0.9% saline was put in a beaker (200ml). 
While the 0.9% saline was stirred by a magnetic stirrer, 
2.5g of the water absorbent resin was added to the saline 
and gelatinized. Thus obtained gel was left for 24 hours. 
After that, JIS standard steel balls for ball bearings, 
whose diameters are 3/16 inch, 3/16+1/16 inch, 
3/16+1/16+1/16 inch, ... (i.e., by every 1/16 inch) were 
serially placed on a surface of gel. This placement 
continued till one of the balls precipitated into gel. Note 
that the ball which did not precipitate was removed and 
then next ball was placed. In this way, maximum diameter 
of the ball which did not precipitate was regarded as gel 
strength. 

Preparation of water absorbent resin under test 

75 wt% of 80% acrylic acid, 54.9 wt% of 48.6% 
sodium hydroxide, and 56.1 wt% of ion-exchange water 
were mixed so as to prepare an acrylate solution whose 
neutralization degree was 80%. 

A chamber containing 1023g of the acrylate solution 
was subject to replacement by nitrogen gas and then 33g 
of 1% ammonium sulfate was added and mixed. Thus 
obtained mixture solution was poured into a box-shaped 
chamber (length: 4cm, width: 20cm, and height: 15cm) 
(made by SUS, inner side is coated by Teflon) and heated 
for 30 minutes by using a water bath at 60°C, thereby 
obtaining a viscous solution in the middle of 
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polymerization. Thus obtained viscous solution was put 
into a drum drier whose surface temperature was 130°C, 
thereby completing polymerization of the viscous solution 
and drying the viscous solution at the same time. Thus 
obtained resin having a flake shape was pulverized by pin 
mill and classified, so that powdery water absorbent resin 
having 16 to 145 mesh was obtained. Note that water 
content of the powdery water absorbent resin was 8.8%. 
Examples 1 to 7 and comparative examples 1 to 3 

The obtained powdery water absorbent resin was 
processed using a predetermined amount of a process 
liquid whose composition is illustrated in the Table. 
Namely, the process liquid illustrated in the Table was 
added to the powdery water absorbent resin while the 
process liquid was stirred at high speed. After stirring for 
two or three minutes, the resin was dried by a dryer so 
that percentage of water content of the resin is 
approximately 7%. 

The aluminum hydroxide gel was prepared by 
aluminum chloride hexahydrate and sodium aluminate 
(example 1 and comparative examples 1 and 2) and was 
prepared by aluminum chloride hexahydrate and sodium 
hydroxide (examples 2 to 7). Further, in the comparative 
examples, a process liquid having no cross-linking agent 
(comparative example 1), a process liquid having no 
polyvalent alcohol (comparative example 2), and a process 
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liquid having no aluminum compound (comparative 
example 3) were used. 

Compositions of the process liquids, amounts thereof 
to be used, and characteristics of the obtained water 
absorbent resin are illustrated in the Table. 
[Table] 





Process Liquid 




Water 


Aluminum 


Sodium 


20% 


Kind and 


Kind and 






v 11 1 U 1 1U c 




SnH -in m 

O UUJl U A-M-L 


Amount of 

XV III W U. 11 L \J 1 


Amount of 






Hexahydrate 




Hydroxide 


Polyvalent 
Alcohol 


Cross-linking 
Age nt 


Example 1 


85 


8 


8 




PEC-2000 
15 


EGDGE 
0.3 


Example 2 


59 


8 




20 


1.3-BD 
10 


EGDGE 
0.3 


Example 3 


61 


8 




18 


2-M-2.4-PD 
10 


EGDGE 
0.3 


Example 4 


25 


4 




9 


1.3-BD 
10 


EGDGE 
0.2 


Example 5 


85 


16.4 




43 


2-M-2.4-PD 
15 


EGDGE 
1.0 


Example 6 


85 


8 




20 


PEC-2000 
15 


EGDGE 
2.5 


Example 7 


85 


8 




18 


1.5-PD 
15 


PGPGE 
0.5 
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Example 8 




Q 
O 




on 


1.3-BD 


EGDGE 
1 . o 


Comparative 

Hf A <x 111 JJ 1 C -L 


85 


8 


8 




PEC-2000 
1 5 




Comparative 
Example 2 


85 


8 


8 






EGDGE 
0.3 


Comparative 
Example 3 


85 








PEC-2000 
15 


EGDGE 
0.3 





Used amount of process liquid with 
respect , to 100 wt% of water 
absorbent resin (wt%) 


Absorption Amount 
(times) 


Gel 

Strength 


Elapsed Time 


3min. 


1 Omin. 


60min. 


(inch) 


Example 1 


50 


47 


56 


59 


20/16 


Example 2 


47 


42 


51 


55 


24/16 


Example 3 


47 


48 


59 


60 


16/ 16 


Example 4 


23 


51 


67 


69 


10/ 16 


Example 5 


60 


50 


58 


62 


24/ 16 


Example 6 


50 


41 


49 


52 


24/ 16 


Example 7 


50 


45 


53 


55 


22/ 16 


Example 8 


47 


38 


44 


48 


8/ 16 


Comparative 
Example 1 


50 


48 


61 


61 


<3/ 16 
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Comparative 
Example 2 


Aggregation occurred in processing 


Comparative 
Example 3 


Aggregation occurred in processing 



In the column of "Kind and Amount of Polyvalent Alcohol", PEG-2000 means 
polyethylene glycol whose molecular weight is 2000, 1.3-BD means 1 .3-butanediol, 
2-M-2.4-PD means 2 -methyl-2 . 4-pentanediol, 1.5-PD means 1 . 5-pentanediol. 



In the column of "Kind and Amount of Cross-linking Agent", EGDGE means 
ethyleneglycol diglycidylether, and PGPGE means polyglycerin polyglycidylether. 

As illustrated in the Table, the powdery water 
absorbent resin having been processed by the process 
liquid having no cross-linking agent had small gel 
strength. Further, the powdery water absorbent resin 
having been processed by the process liquid having no 
polyvalent alcohol or no aluminum compound aggregated 
and became a block in the process, so that it was difficult 
not only to process evenly but also to measure absorption 
amount and gel strength. 

On the other hand, each of the water absorbent resin 
having been processed by the process liquids of the 
examples 1 to 7 had high absorption amount and gel 
strength. Further, in the a process step with the process 
liquids, the water absorbent resin of the examples did not 
aggregate and was capable of being cross-linked evenly. 
Therefore, it was found that it is possible to produce the 
water absorbent resin efficiently. 
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